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  ﺤﺎﻟﺔ ﻏﺎﺒﺔ ﺍﻟﺭﻭﺍﺸﺩﺓ، ﻭﻻﻴﺔ ﺍﻟﻘﻀﺎﺭﻑ، ﺍﻟﺴﻭﺩﺍﻥ : ﺩﻭﺭ ﺍﻟﻐﺎﺒﺎﺕ ﻜﻤﺭﻋﻰ ﻁﺒﻴﻌﻰﺘﻘﻴﻴﻡ 
ﺍﻟﻬﺩﻑ ﺍﻟﺭﺌﻴﺱ ﻤﻥ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﻪ ﻫﻭ ﺘﻘﻭﻴﻡ ﻏﺎﺒﺔ ﺍﻟﺭﻭﺍﺸﺩﻩ ﺍﻟﻁﺒﻴﻌﻴﻪ ﺍﻟﻤﺤﺠـﻭﺯﻩ ﻜﻤﺭﻋـﻲ ﻁﺒﻴﻌـﻲ 
ﻱ ﻭﺘﺎﺜﺭﻫﺎ ﺒﻌﻤﻠﻴﻪ ﺍﻟﺭﻋﻲ ﻤﻥ ﺤﻴﺙ ﺘﺩﻫﻭﺭ ﺍﻟﻐﻁﺎﺀ ﺍﻟﺸﺠﺭﻱ ﻭﺍﺤﻼل ﺍﻟﺤﺸﺎﺌﺵ ﻭﺍﻻﻋﺸﺎﺏ ﺍﻟﻤﺴﺘﺴﺎﻏﻪ ﺒـﺎﺨﺭ 
 ﺴﺘﻌﻤﺎل ﻨﻭﻋﻴﻥ ﻤﻥ ﺍﻟﻤﻌﻠﻭﻤـﺎﺕ   ﺘﻡ ﺇ .ﻤﻜﺎﻨﻴﺔ ﺍﻴﺠﺎﺩ ﺤﻠﻭل ﻟﻬﺫﻩ ﺍﻟﻤﺸﻜﻼﺕ ﻨﻲ ﻤﻨﻬﺎ ﺩﺭﺠﺔ ﻓﻲ ﺍﻻﺴﺘﺴﺎﻏﻪ ﻭﺇ ﺍﺩ
  ﺠﻤﻌـﺕ .  ﻡ 900 ﻭ 8002  ﺍﻷﻋـﻭﺍﻡ ﻓـﻰ ﻭﻟﻴﻪ ﻭﺍﻟﺜﺎﻨﻭﻴﻪ ﻭﺍﻟﺘﻲ ﺘﻡ ﺠﻤﻌﻬـﺎ ﺍﻟﻤﻌﻠﻭﻤﺎﺕ ﺍﻷ : ﻟﻬﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ 
ﻯ ﺍﻟﻤﺤﻴﻁـﺔ ﺍﻟﻘـﺭ  ﺴﻜﺎﻥﺍﻟﺭﻋﺎﺓ ﻭ ﺎﻟﻤﻘﺎﺒﻠﻪ ﻭﺠﻪ ﻟﻭﺠﻪ ﻤﻊ ﺒﺠﺘﻤﺎﻋﻲ ﻭﻟﻴﻪ ﻋﻥ ﻁﺭﻴﻕ ﺍﻟﻤﺴﺢ ﺍﻹ ﺍﻟﻤﻌﻠﻭﻤﺎﺕ ﺍﻷ 
ﺘﻡ .  ﺒﺎﻟﻐﺎﺒﺔﺜﺭﻩ ﺒﺎﻟﺭﻋﻲ  ﻓﺩﺍﻥ ﺒﺎﻟﻤﻨﺎﻁﻕ ﺍﻟﻤﺘﺄ 02 ﻤﺴﺎﺤﺘﻬﺎ ﺔﻭﻋﻥ ﻁﺭﻴﻕ ﺘﺼﻤﻴﻡ ﺘﺠﺭﺒﻪ ﺤﻘﻠﻴ  ﺒﻤﻨﻁﻘﺔ ﺍﻟﺩﺭﺍﺴﺔ 
  ﺃﺸـﺠﺎﺭ  ﺒﺈﺴﺘﺯﺭﺍﻉ ﺃﻨﻭﺍﻉ ﻤﻥ ﺍﻟﻌﻠـﻑ ﻭ ) ﻤﻌﺎﻤﻼﺕ 4ﺒﻪ   ﻤﺭﺍﺒﻴﻊ ﻭﻜل ﻤﺭﺒﻭﻉ 5ﻟﻲ ﺍﻟﺘﺠﺭﺒﻪ ﺇ   ﻤﻨﻁﻘﺔ ﺘﻘﺴﻴﻡ
ﺍﻹﺴﺘﺯﺭﺍﻉ ﺒﺈﺴﺘﺨﺩﺍﻡ ﺤﺼﺎﺩ ﺍﻟﻤﻴﺎﻩ   ﻭ ﺴﻙﻫﻰ ﺍﻹﺴﺘﺯﺭﺍﻉ ﻗﺒل ﺍﻟﺨﺭﻴﻑ ﻭ ﺍﻹﺴﺘﺯﺭﺍﻉ ﻤﻊ ﺍﻟﺤﺭﺙ ﺒﺎﻟﺩ ( ﺍﻟﻁﻠﺢ
ﺇﺩﺍﺭﺓ ﺍﻟﻤﺭﺍﻋﻰ ﻭﺍﻟﻌﻠﻑ ﻭﺍﻟﻬﻴﺌـﺔ ﺍﻟﻘﻭﻤﻴـﺔ ﻤﺎ ﺍﻟﻤﻌﻠﻭﻤﺎﺕ ﺍﻟﺜﺎﻨﻭﻴﻪ ﻓﺘﻡ ﺠﻤﻌﻬﺎ ﻤﻥ ﺃ(. ﺩﻭﻥ ﺇﺴﺘﺯﺭﺍﻉ )ﻭﺍﻟﺸﺎﻫﺩ 
  .ﻟﻠﻐﺎﺒﺎﺕ
 ﺒﻤﻨﻁﻘﺔ ﺍﻟﺩﺭﺍﺴﻪ ﻴﻤﻜـﻥ ﺍﻻﺴـﺘﺩﻻل ﻤﻠﺤﻭﻅﻪ ﻫﻨﺎﻙ ﺘﻐﻴﺭﺍﺕ ﺒﻴﺌﻴﻪ ﻫﻲ ﺃﻥ ﻠﺩﺭﺍﺴﺔ  ﺍﻟﺭﺌﻴﺴﻴﺔ ﻟ ﺍﻟﻨﺘﺎﺌﺞ
 ﻭﺇﺤﻼﻟﻬﺎ ﺒـﺄﻨﻭﺍﻉ ﺘﻔﺎﺀ ﺒﻌﺽ ﺍﻷﻨﻭﺍﻉ ﺍﻟﻨﺒﺎﺘﻴﺔ ﺍﻟﻤﺴﺘﺴﺎﻏﺔ ﻤﻥ ﻤﻨﻁﻘﺔ ﺍﻟﺩﺭﺍﺴﺔ ﻹﺨﻋﻠﻴﻬﺎ ﺒﺘﺩﻫﻭﺭ ﺤﺎﻟﺔ ﺍﻟﻤﺭﻋﻲ 
ﺎﻥ ﺸـﺠﺎﺭ ﺒﻭﺍﺴـﻁﻪ ﺍﻟـﺴﻜ ﺍﻟﻤﺴﺘﻤﺭ ﻟﻸﺍﻟﺠﺎﺌﺭﻟﻘﻁﻊ  ﺍ ﻭﺍﻟﺭﻋﻰ ﺍﻟﻤﻔﺘﻭﺡ ﺃﺨﺭﻯ ﻏﻴﺭ ﻤﺴﺘﺴﺎﻏﺔ ﻨﺘﻴﺠﺔ ﻟﻀﻐﻁ
 ﺘﺤـﺩﻯ ﺤﻘﻴﻘـﻰ ﻴﻤﺜل ﺍﻟﺭﻋﻲ ﺍﻟﺠﺎﺌﺭ .  ﺍﻟﻤﻁﺭﻴﻪﻟﻴﻪ  ﺍﻟﺯﺭﺍﻋﻪ ﺍﻵ  ﻤﺸﺎﺭﻴﻊ ﻭﺍﻟﺘﻭﺴﻊ ﺍﻟﻤﻀﻁﺭﺩ ﻓﻲ ﺍﻟﻤﺤﻠﻴﻴﻥ، 
ﺩ ﻥ ﻋـﺩ  ﺃ ﺇﻀﺎﻓﺔ ﻟﺫﻟﻙ  .ﺍﻟﻜﺎﻓﻴﻪ ﻭﺍﻹﺩﺍﺭﺓ ﺤﻤﺎﻴﻪ ﺍﻟ ﻓﻲ ﻅل ﻋﺩﻡ ﻭﺠﻭﺩ  ﻭﺘﻨﻤﻴﺘﻬﺎ ﻏﺎﺒﺔ ﺍﻟﺭﻭﺍﺸﺩﻩ  ﻰ ﻋﻠ ﻠﻤﺤﺎﻓﻅﻪﻟ
ﺇﺨﺘﻔﺎﺀ ﻋﺩﺩ ﻤﻥ ﺍﻟﺤﺸﺎﺌﺵ ﻭﺍﻷﻋـﺸﺎﺏ ﻭﺍﻟـﺸﺠﻴﺭﺍﺕ ﺫﺍﺕ  ﻜﺒﺭ ﻤﻥ ﺤﻤﻭﻟﻪ ﺍﻟﻐﺎﺒﺔ  ﻤﻤﺎ ﻨﺘﺞ ﻋﻨﻪ ﺍﻟﺤﻴﻭﺍﻨﺎﺕ ﺃ 
ﻭ ﺍﻟﺤﺭﺍﺌـﻕ ( ﺍﻟﺘﻐﻴﺭﺍﺕ ﺍﻟﻤﻨﺎﺨﻴـﻪ  )ﻥ ﺩﻭﺭﺍﺕ ﺍﻟﺠﻔﺎﻑ ﺍﻟﻤﺘﻌﺎﻗﺒﻪ ﻜﻤﺎ ﺃ .  ﺴﺘﺴﺎﻏﻪ ﺍﻹ ﻤﺘﺩﻨﻴﺔﺨﺭﻱ ﺴﺘﺴﺎﻏﻪ ﺒﺄ ﺍﻹ
 ﺍﻟﻤﻌـﺎﻤﻼﺕ ﺍﻟﺘـﻰ ﺒﻌﺽﺃﻥ ﻫﻨﺎﻟﻙ ﻓﺭﻭﻗﺎﺕ ﻤﻌﻨﻭﻴﺔ ﺒﻴﻥ  ﺃﻅﻬﺭﺕ ﺍﻟﺘﺠﺭﺒﺔ   ﻜﻤﺎ .ﺴﻬﻤﺕ ﻓﻲ ﺘﺩﻫﻭﺭ ﺍﻟﻐﺎﺒﻪ ﺃ
ﺃﻋﻠﻰ ﻓﺭﻕ ﻤﻌﻨﻭﻯ ﻋﻥ  ﺎﻟﺩﺴﻙﺒ ﺍﻹﺴﺘﺯﺭﺍﻉ ﻤﻊ ﺍﻟﺤﺭﺙ  ﺃﻋﻁﻰ .ﺕ ﻟﺘﺤﺴﻴﻥ ﺍﻟﻤﺭﺍﻋﻰ ﻭﺍﻟﻐﻁﺎﺀ ﺍﻟﺸﺠﺭﻯ ﺃﺠﺭﻴ
  .  ﻟﺸﺎﻫﺩﺭﺍﹰ ﺍﺇﺴﺘﺨﺩﺍﻡ ﺤﺎﺼﺩﺍﺕ ﺍﻟﻤﻴﺎﻩ ﺜﻡ ﻨﺜﺭ ﺍﻟﺒﺫﻭﺭ ﻤﺒﺎﺸﺭﺓ ﻭ ﺁﺨﻴ ﻭﻴﻠﻴﻪ ﺒﺎﻗﻰ ﺍﻟﻤﻌﺎﻤﻼﺕ
ﻥ ﺘﺩﻫﻭﺭ ﺍﻟﻤﺭﺍﻋﻲ ﺍﻟﻁﺒﻴﻌﻴﻪ ﻤﺘﻤﺜﻠﻪ ﻓﻲ ﻏﺎﺒﺔ ﺍﻟﺭﻭﺍﺸﺩﻩ ﻴﻌﺯﻱ  ﺃ :ﻟﻴﻪ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﻪ ﻫﻭ ﺇﻫﻡ ﻤﺎﺨﻠﺼﺕ ﺃ
ﻋـﺸﺎﺏ  ﻨﺒﺘـﻲ ﺒـﺈﺤﻼل ﺍﻟﺤـﺸﺎﺌﺵ ﻭ ﺍﻷ ﺘﺭﺍﺠـﻊ ﻟﻲ ﺤـﺩﻭﺙ ﺍﺠﺩ ﺍﻟﺤﻴﻭﺍﻨﺎﺕ ﻟﻔﺘﺭﺍﺕ ﻁﻭﻴﻠﻪ ﻤﻤﺎ ﺃﺩﻱ ﺇ ﻟﺘﻭ
 ﺍﻟﻁﺒﻴﻌﻴﻪ ﻜﻤﺭﻋﻲ ﻫـﻭ ﻋﺎﺩﻩ ﺘﺎﻫﻴل ﺍﻟﺒﻴﺌﺎﺕ ﺃﻫﻡ ﺍﻟﻁﺭﻕ ﻹ .  ﺭﺍﺕ ﺍﻟﻤﺴﺘﺴﺎﻏﻪ ﺒﺄﺨﺭﻱ ﺃﻗل ﺠﻭﺩﺓ ﻜﻌﻠﻑ ﻴﻭﺍﻟﺸﺠ
 VI
 
 ﻋﻠﻴﻪ ﻴﺠﺏ ﺍﻹﻋﺘﻤـﺎﺩ ﻋﻠـﻰ .  ﻋﺸﺎﺏ ﺍﻟﻤﺭﻏﻭﺏ ﻓﻴﻬﺎ ﻊ ﻨﺜﺭ ﺒﺫﻭﺭ ﺍﻟﺤﺸﺎﺌﺵ ﻭﺍﻷ ﺴﺘﻌﻤﺎل ﺍﻟﺤﺭﺙ ﺒﺎﻟﺩﺴﻙ ﻤ ﺇ
ﻫﻴـل ﻏﺎﺒـﺔ  ﺘﺄ ﻹﻋﺎﺩﺓل ﺒ ﻜﺄﻨﺠﻊ ﺍﻟﺴ  ﺍﻷﻋﻼﻑ ﻭﺍﻟﻁﻠﺢ ﺒﺫﻭﺭﻲ ﻨﻅﺎﻡ ﺤﺼﺎﺩ ﺍﻟﻤﻴﺎﻩ ﻭﻨﺜﺭ ﺴﺘﻌﻤﺎل ﺍﻟﺩﺴﻙ ﻭ ﺘﺒﻨ ﺇ




Assessment of the Role of Forests as a Natural Rangeland Case: 
El Rawashda Forest, Gadaref State, Sudan  
   
The main objective of this study was to assess the role of El Rawashda 
Natural Forest Reserve as a natural rangeland and the impact of grazing in terms of 
deforestation and replacement of palatable species by unpalatable species and the 
possibilities of finding solutions to these problems. Two types of data were user for 
this study; namely, primary and secondary data which were collected during the 
period 2008 - 2009. The primary data were collected through social survey as face-
to-face interviews with pastoralists and local communities in the study area and by 
a field experiment on an area of 20 feddans and affected by grazing in the forest.  
The experimental area was divided into 5 blocks, each block consisted of 4 
treatments, namely, seeds of grass and talih (Acacia seyal) were broadcast seeding 
just before autumn, seeding after disc ploughing, sowing using water harvesting 
technique and a control (no seeding).The secondary data were collected from the 
Range and Pasture Administration and the Forest National Corporation (FNC).  
There were distinct ecological changes in the study area as indicated by the 
deterioration of the rangelands and retrogression where some palatable weed 
species disappeared from the study area and were replaced by other unpalatable 
species due to open grazing pressure, illegal tree felling by the local people and 
expansion in the rain fed mechanized agricultural schemes due. Moreover, 
overgrazing represents a real challenge to the conservation and rehabilitation of El 
Rawashda Forest in the absence of proper protection and management. In addition, 
the number of animals is more than the carrying capacity of the forest and this 
resulted in the disappearance of some palatable species and the appearance of new 
VI 
 
unpalatable one. Frequent drought cycles (climate change and variability) and fires 
also contributed to the deterioration of the forest. The results of the experiment 
revealed significant differences among some treatments used to improve and tree 
cover. The seeding of the forage and talh seeds after disc ploughing gave the best 
results compared to other treatments, followed by forage and talh seed sowing 
under water harvesting technique and broadcasting of forage and trees seeds and 
finally the control. 
In conclusion the deterioration of the natural rangelands in El Rawasha 
Forest Reserve is due to the existence of livestock in the forest area for a long 
period of time. This resulted in retrogression where palatable species were replaced 
by less or unpalatable species.  The best method for the rehabilitation of the forest 
is the adoption of forage and talh seeds broadcasting with ploughing using disc 
harrow. Consequently, it is a must to rely on the disc harrow and the adoption of 
water harvesting and broadcasting of forage and talh seeds for the rehabilitation of 
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           The Sudan is the largest country in Africa with an area of 
approximately 2.5million km2. The northern half of the country lies between 
latitudes 14°and 22° N, in an arid zone, characterized by very low summer 
rainfall ranging from 0 to 300 mm annually. The southern half, however, is 
comprised of two major divisions of the Savannah. The part that lies between 
latitudes 10°and 14° N is low rainfall woodland Savannah, which comprises 
about 45% of the total area of the Sudan and is also the most densely 
populated region (EIsiddig and Hethering, 1984). 
          Sudan is rich in its natural resources; among them are the forest 
resources, which are either reserved, or non-reserved. They play a vital role in 
the economy and welfare of the people. Forest provides a wide range of 
benefits including wood for energy, pole and sawn timber beside non-wood 
products like Gum Arabic. FAO (1997) stated that, forest cover in Sudan is 
estimated to be 12% of the total area of the country while it was 18% during 
early 1980 and 36% during 1950. 
1-2 Climatic conditions 
           The climate of Sudan is dominated by dry lands climate with some 
exceptional conditions in some parts of the country .Rainfall increases from 
less than 100mm in the north to more than 1400 mm in the extreme south 
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(Adam and Abdalla, 2007). Rainfall is usually in summer and autumn except 
in some areas like the Red Sea Hills where winter rains are encountered. 
           The dry lands of the Sudan are about 94٪ of the total area of the country 
(Ayoub, 1998 and Mustafa, 2007). This area is divided into many sub-climatic 
zones such as arid (30٪), semi-arid (20٪), savannah (40٪) zones and 
mountains and wetlands (10٪), due to wide range of variation in annual 
rainfall and temperature. 
1-3 Population 
            According to Daak, (2007) the estimated Sudan population in 2004 
was about 39.0 million, 63% of them are rural people. The annual growth rate 
of the population is 2.7 ٪ with the average population density of 43 people per 
sq mile, which increases in the area between White Nile and Blue Nile.  
            The population increased during the previous sixty years, from 10.3 
million in 1956 to 25.6 million in 1993 to 30.3 million in 2002 and to 39.0 
million in 2004 .Also the annual growth rate has increased from 1.9٪ to 2.7٪ 
as one of the highest in the world. AOAD (2006) reported that the majority of 
populations of Sudan is mainly working in agricultural (58٪) or pastoral 
activities. The remaining percentage is employed in manufacturing, 
construction, mining, civil services and casual works.  
1-4 The Rangeland of the Sudan 
Definition 
            Rangeland is defined by the society for Range management SRM, 
(1974) as the land on which the native vegetation (climates or natural 
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potential) is predominantly grasses, grass-like plants, forbs or shrubs suitable 
for grazing or browsing use. It includes land vegetated naturally or artificially 
to provide a forage cover that is managed like native vegetation. Range lands 
include natural grass lands, savannah, shrub lands, most deserts, tundra, alpine 
communities' costal marches and wet meadows. 
         Africa’s rangelands are comprised mostly of the Woodlands/Scrublands 
and Grasslands land cover classes (43% of Africa or nearly 13 million km2). 
Although a significant amount of livestock production also occurs within the 
agricultural lands and some also on the margins of bare soil environments, 
particularly during above average rainfall years. Their composition and 
productivity are influenced primarily by rainfall, fire and grazing Fischlin et 
al. (2007) although over longer time frames, changes in temperature and the 
concentration of atmospheric CO2 are also important. 
           According to UNDP (1992), rangelands cover was estimated as 60 
percent of Sudan total area, providing grazing for one of the largest 
concentrations of livestock in Africa. As much as 50 percent of rural nomadic 
peoples in Sudan depend on livestock to a significant degree. However, 
grazing areas have been severely affected by drought, that degrading the land 
and reducing its capacity to regenerate and provide sufficient fodder for 
livestock. Cultivation under arid conditions also leaves soil bare for most of 
the year, allowing wind erosion. In addition, rural residents are depleting 





1-5 Problem statement and Justification of research 
• El Rawashda forest: In  the  dry  seasons  the  nomads  have  no  
alternative for animal feeding except  lopping  the  trees. In  addition  
to  the  continuous  lopping  of  the  trees  as  fodder,  their  livestock  
causes  damage  to  the  forest particularly the regeneration .   
• Rangeland  mis-use  and  open  grazing  by  villagers  and  nomads  
during  their  seasonal  movement  from  North (Kasamor  and  El 
Butana)  to  South  (Doka  and  Sarafsaed  forest  reserve)  and  their 
stay for a longer  period  in  the  forest exposes its resources to 
further depletion.  
• In the Gadaref zone large areas of the rangeland were put under 
cultivation and this made them unable to meet the fodder 
requirements of the grazing animals.  
• The total forest area is reduced due to over cultivation by modern 
mechanized farming as a result of increasing human population, and 
the increase in demand for food. 
• Over–cutting of wood to satisfy the local people needs for charcoal, 
building houses, fire wood to improve their economic income has 
contributed to forest deterioration. 
• The Sudanese villages (Elgardood, Elroashda and Eltomat) and 
camps of Eritrean refugees (Omgragor and Karkora) near the El 
Rawashda forest reserve had a negative impact on El Rawashda 




1-6 The objective of research 
• To study the change in trees and rangeland vegetation cover in El 
Rawashda natural forest reserve, Gadaref State. 
• To identify the reasons of rangeland and tree cover degradation in 
the study area. 
• To develop a viable regeneration practice for restocking the forest 
and grazing resources. 
• To suggest the adoption of a suitable grazing system for 
sustainability of grazing resources. 
• To study the impact of different seeding methods. 
1-7 Hypotheses 
           In order to achieve the above objectives the following hypothesis 
have been put forward to be empirically tested:  
• The forest and rangeland resources has been depleted as a result of 
mis – management. 
• The uncontrolled open grazing system leads to the deterioration of 
range recourses.  
• The man made activities are contributing potentially in degradation 






2-1 Causes of degradation  
            IFAD (2007) reported that, rangeland degradation consists of a 
reduction in the quantity or nutritive value of the vegetation available for 
grazing. The prospect of increased rangeland degradation is common to all 
dry land areas. In particular, the deterioration is more advanced in semi-
arid and sub-humid areas than in arid areas. Since the major droughts of the 
1970s, combating rangeland degradation has been on the agenda of the 
community development. Following the United Nations Conference on 
Desertification in 1977, a number of studies were commissioned, and 
substantial research continues to be performed in this area. Although the 
figures regarding the depletion and overuse of the world’s rangelands 
remain sobering, it is important to recognize that both the rangelands and 
range users are inherently resilient and dynamic. 
           Sudan vision (2008) stated that rangeland degradation due to the 
overuse of shrinking resources is the most prominent environmental 
problem associated with livestock husbandry in Sudan. Although there is 
no systematic and quantitative inventory of rangeland conditions or 
rangeland carrying capacity on a national scale, discussions with national 
experts and various studies point to three negative trends: 
- Explosive growth in livestock numbers, particularly in central Sudan; 
- Major reduction in the total area of available rangelands; and 
- Widespread deterioration of the remaining rangelands, caused largely by 
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drought, climate change and overstocking. 
           IFAD (2007) stated that causes of rangeland degradation include 
climatic conditions causing drought and human factors leading to the 
overuse of natural resources. Increasingly, the combination of both factors 
may be cited as the primary cause of the global degradation of rangelands. 
The effects of climate change and human pressures on the soil include a 
depletion of soil nutrients, with a decline in water retention, which 
ultimately causes a breakdown in soil structure. Intensification of land use 
without proper management reduces productivity, which may lead to 
further agricultural expansion in even more marginal areas. This expansion 
ultimately results in the soil erosion of large swaths of rangeland.  
        Various causes of desertification have been recognized. The main 
causes could be summarized as follows:  
2-2 Drought 
           The World Bank (1985) defines drought as a markedly sub-average 
amount of rainfall during a year or series of years. Thus the Sahel is the 
part of the world which is mostly affected by prevalence of such sub-
average rainfall, and therefore drought condition. Drought accelerates the 
negative consequences of resources abuse. It is widely accepted that 
drought is only partly a reason for the decrease in land productivity, and 
that land use methods which are incompatible with the given natural 
resources are the major causes of destruction of such resources in Sahelian 
zone. The major consequences of drought include wide spread crop 
failures, high rate of livestock mortality and human displacement and/or 
mortality. In most cases drought culminates in famine as in the case of the 
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prolonged drought of the (1970's- 1980's). 
2-3 Climate change 
2-3-1 Definition 
              It is defined by UNFCCC as a change of climate which is 
attributed directly or indirectly to human activity that alters the 
composition of the global atmosphere and which is in addition to natural 
climate variability observed over comparable time period (UNFCCC, 
1992). 
2-3-2 Climate change over Africa’s rangelands 
Historical trends 
          Similar to global trends, Africa is warmed by about 0.5°C in the 20th 
century with the most rapid warming occurring between 1910-1930 and 
after 1970, particularly in southern and northern Africa (Hulme et al., 2001; 
Christensen et al., 2007). Rainfall trends and patterns are more difficult to 
determine and significant regional differences are evident. For example, the 
alternating wet and dry periods in the Sahel, particularly the dry period 
after 1970, have been studied in detail (Brooks, 2006 and Boko et al., 
2007). There is some evidence that rainfall increased in parts of eastern 
Africa during the 20th century (Hulme et al., 2001; Christensen et al., 
2007). Other areas of the continent, such as Southern Africa have 
experienced marked inter-decadal variability Christensen et al., (2007) 
which adds to the difficulty of managing complex risks in several African 
environments.  
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          Detailed local-level analyses of the historical rainfall record have 
indicated that the patterns are spatially complex, particularly in 
mountainous terrain, and the scale of observation and density of climate 
stations can influence the outcome significantly. For example, Mackellar et 
al. (2007) have shown from the relatively comprehensive historical rainfall 
record for rangelands in Namaqualand, South Africa, that some areas, 
which have exhibited a significant increase in rainfall since 1950, can abut 
areas only 50 km away, which have shown a significant decrease. 
Furthermore, the biological composition and functioning of rangelands are 
not only influenced by climate. Local land use practices such as cultivation, 
heavy grazing, resource extraction (e.g. firewood use) has a profound 
influence on African rangelands (Hoffman and Ashwell, 2001) with 
significant feedbacks on some important drivers of climate (Christensen et 
al., 2007). A closer alignment of historical climate data with 
comprehensive land use histories is urgently needed to understand the full 
extent of changes that have occurred in African rangelands over the course 
of the 20th century.  
2-3-3 Change in rangeland productivity  
           Rainfall and temperature are key determinants of rangeland 
productivity. The effect of future climate change projections on the length 
of the growing period, which integrates the influence of temperature and 
rainfall on productivity, results in a number of potential impacts, including 
changes in the length of the growing season for certain agricultural 
activities (Thornton et al., 2006).  
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         2-3-4 Change in forage quality and rangeland composition 
                      Temperature, rainfall and atmospheric CO2 concentration interact 
with grazing and land cover change to influence rangeland quality and 
composition. Increased temperature, for example, not only increases 
drought stress in plants but also increases lignifications of their tissues 
which affects both its digestibility as well as its rate of decomposition 
Thornton (2006a). Increased temperature and lower rainfall also increases 
vegetation flammability ( Fischlin et al., 2007) resulting in a shift in species 
composition as a result of an increased fire frequency. The amount and 
timing of rainfall on its own, also has an important influence on rangeland 
species composition in both the short- and long-term, primarily through its 
differential effect on the growth and reproduction of key forage species. An 
extended drought can result in the mortality of perennial plants and the 
switch to an annual-dominated flora (Hein, 2006).  
                       Atmospheric CO2 is fundamental to the efficient physiological 
functioning of plants primarily through its influence on photosynthesis and 
nutrient absorption. Because of this, any change in CO2 concentration 
affects the performance and competitive ability of plants. Plants generally 
use less water at higher CO2 concentrations and a reduction in transpiration 
means that more water is available in the soil.( Bond et al. 2003) suggested 
that a doubling in CO2 could nearly double the effectiveness of rainfall.  
                          While C4 grasses should benefit more from increased CO2 
concentrations than C3 grasses, experimental results are far from 
conclusive Wand et al., (1999). Both pathways appear to benefit from CO2 
enrichment and growth rate is more important than a plant’s biochemical 
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pathway in predicting its response to CO2 (Poorter and Navas, 2003). Just 
to complicate matters, recent findings suggest that warming and CO2 could 
have opposite effects on C3 and C4 plants with the former favored by CO2 
and the latter by increased temperature (Fischlin et al. 2007). 
            Bush encroachment occurs as a result of the invasion of shrubs and 
trees into previously grassy rangelands. This is a common phenomenon in 
Africa and usually results in an increase in biomass but a decrease in 
rangeland productivity. The projected increase in the concentration of 
atmospheric CO2 could enhance the process of bush encroachment in two 
important ways. Firstly, less transpiration could result in more plant 
available water, particularly at depth, where deeper-rooted trees and shrubs 
have their roots. Greater access to water could increase the length of their 
growing season and increase their competitive dominance to the exclusion 
of shorter growth forms such as grasses and perennial herbs. Another 
mechanism for the increase in bush encroachment suggests that an increase 
in CO2 results in faster growth rates of saplings(Bond and Midgley, 2000). 
This enables them to more quickly escape the height at which fire usually 
kills young trees.  
2-3-5 Change in land use systems and rangeland-based livelihoods 
             The general reduction in productivity which is projected for 
Africa’s rangelands will have important negative consequences for the 
development potential of an area and will likely result in a shift in sectoral 
activities (Hulme et al., 2001; Easterling et al., 2007). Some projections 
suggest that in marginal crop production areas the decrease in the length of 
the growth period (LGP) and an increase in rainfall variability will render 
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cultivation too risky and will result in a switch to more rangeland-based, 
livestock production systems Thornton et al. (2006a). There is also likely to 
be a switch to breeds and species (e.g. from cattle to sheep, goats and 
camels) which are better adapted to more marginal conditions (Hulme et al. 
2001; Easterling et al., 2007). Other changes include a greater frequency of 
loss of livestock assets particularly through drought and interactions can act 
as critical drivers of rangeland bringing with them potential changes 
including conflicts between different land use sectors. 
            Land degradation due to cattle-rearing in Southern Sudan: 
Pastoralist societies in Southern Sudan have developed a lifestyle closely 
tuned to the challenges presented by the climate and geography of the 
region. Each area has its own nuances, but the general pattern is of a semi-
nomadic (transhumant) lifestyle dominated by cattle-rearing, with 
agriculture practised in the wet season only. 
           Sudan vision (2008) mentioned, herders set fire to the Um Hureiza 
forest reserve in Sennar state before the onset of the rains. Agricultural 
encroachment onto pastoral migration routes, as evidenced here by the 
uprooted path markers in the region of Wad el Kabo in Gadaref state, is a 
major cause of conflict. When pasture is limited, pastoralists often resort to 
slashing trees trunks and branches to enable their livestock to feed on the 
otherwise unreachable parts of the tree, as seen in the El Rawashda forest 
reserve in Gadaref state.  
Tolba (1984) concluded that the main cause of desertification is 
human over-exploitation of lands through over-cultivation, over cutting of 
wood and over grazing. All these are conflicting and some times 
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antagonistic land use pattern. Human factors contributing to range 
degradations: population growth, market expansion, inappropriate policy 
initiatives, overgrazing, encroachment subsistence farmers and collection 
of firewood. 
2-4 Over-cultivations 
           Suliman and Darag (1983) came to the conclusion that due to 
population growth in the Sudan, more land has been cultivated to meet the 
growing demand for food. According to the 1981/82 census, cultivated 
agric1u1tura1 area in the Sudan has been estimated as 15.2 million feddans 
of the total area of the country but, the area under traditional cultivation is 
much more than this. Most of these areas were once productive range 
lands that supported large number of domestic and wild fauna. The 
Mechanized Farming Corporation, (1990) has indicated that the area under 
planned rain-fed mechanized farming increased from 3.2 million feddans 
in 1973/74 to 8.3 million feddans in 1986/87. 
            Babiker (1983) considered the modern mechanized farming type of 
land use as the most destructive to wood resources. Preparing the schemes 
for cultivation meant the felling of all trees and the clearing and burning of 
all vegetation cover. He also mentioned that wood resources in the Sudan 
were unevenly distributed. The region with more concentration of 
population and higher rate of consumption are lacking adequate wood 
resources to satisfy their growing demand.  
           Traditionally crop rotation with long fallow period was adopted for 
fertility restoration. However with increasing human population, and the 
increase in demand for food, these fallow periods were shortened and 
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ultimately abandoned. As a result the productive capacity of the land was 
sharply reduced.  
2-5 Trees over-cutting  
             Bayoumi (1984) claimed that the forest area in the Sudan 
decreased from 584,362 km2 in 1968 to 559,015 km2 in 1981, and the 
annual losses of wood due to human activities were estimated at 20 million 
cubic meters.  
2-6 Rangeland mis-use and overgrazing 
           The evidence for rangeland degradation at the ground level, the most 
visible indicator of overgrazing is simply less forage and more exposed 
bare earth, though it is difficult to quantify the rate of degradation using 
such anecdotal indicators without a baseline. The UNEP-ICRAF satellite 
image analysis found that it was also extremely difficult to distinguish 
between bare earth caused by overgrazing and bare earth associated with 
tilled and empty fields for crops. Only in one image - of Renk district in 
Upper Nile State - it was possible to confidently quantify land degradation 
within Land degradation in Renk district, Upper Nile state. In this 2,500 
km² area, the rangeland is a mix of open grass land and bush land. In 1973, 
open rangeland made up 6.9 percent of the total land area, but had fallen to 
2.8 percent by 2006, when fragmentation was very apparent. Bare and 
degraded land increased from 0.8 percent of the total area in 1973 to 15.4 
percent in 2006. Some of the abandoned cultivated land has reverted to 
bush land and could potentially be used for grazing but it has major access 
constraints areas that had remained rangelands in this case. The proportion 
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of degraded land as marked by bare earth increased from 0.8 percent of the 
total area in1973 to 15.4 percent in 2006. 
         Sudan vision (2008) stated that a host of factors have enabled 
uncontrolled overgrazing to develop, but there are two critical forces 
driving this process:  Explosive growth in livestock numbers over the last 
fifty years, resulting directly in overstocking and overgrazing and a 
reduction in available grazing land due to desertification and unfavorable 
land use changes. 
            Suliman and Darag (1983) mentioned that the mis-use of rangeland 
and pastoral resources could be considered as the most important cause of 
desertification. It had been estimated that Livestock in the Eastern region 
probably get 30% of their feed from trees.  
         Sudan vision (2008) claimed the second indicator of overgrazing is 
the marked replacement of palatable perennial grasses by annuals of low 
environmental and nutritional value. This has been confirmed by technical 
studies in at least six states (Northern, Gadaref, Kassala, Northern 
Kordofan and Northern Darfur). In Gadaref, the Range and Pasture 
Administration estimates that 50 percent of the state's rangelands are in a 
degraded state, with a severe incidence of invasive species. There are 
reports of valuable range species vanishing; including Blepharis edulis in 
Butana, Andropogon gayanus in western Kordofan, Blepharis lenarrifolia 
in Northern Kordofan and Aristida paposa in Northern Darfur Some 
heavily grazed areas have undergone a notable shift from grassland to 
woody thickets.  
            El Hassan (1981) stated that due to open grazing system and 
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intensive grazing, the soils around water sources lost their cover and 
gradually most of the grazing areas would may become bare soil and that 
would be reflected on animal health, productivity and financial returns 
from them, hence a low standard of living. 
           The primary cause of overgrazing: overstocking as Sudan owns the 
second largest herd on the continent (after Ethiopia), and livestock is a 
central component of Sudan's agricultural sector. Livestock-rearing is 
typically categorized into three types: (i) pure nomadism, based largely on 
the herding of camels, sheep and goats by the Abbala in the semi-arid and 
arid north; (ii) semi-nomadic agropastoralism, combining the herding of 
cattle and some sheep with a form of cultivation by the Baggara and 
Dinka/Nuer in central and south Sudan as well as in the seasonal Wadis of 
the north; and (iii) a sedentary system, where cattle and small livestock are 
reared in close proximity to villages, mainly in the central belt from 
Gadaref to Kordofan (Sudan vision,2008). 
2-7 Range management 
           Seif Eldein (1986) mentioned that Sudan has a long tradition of 
multiple use forestry practices covering wood for fuel and housing, fodder 
and shade for animal, and shelter belts for protection of agricultural land. 
These multiple use forestry practices play an important economic role in 
the Sudanese economy. This tradition of multiple use forestry has recently 
started to change due to expansion in mechanized farming and misuse of 
forests and rangelands.  
          UNDP (1992) has carried out a qualitative assessment of land 
degradation in Southern Sudan in three areas using a combination of 
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remote sensing and ground reconnaissance. Results indicated that the land 
is in overall is classified as in moderate condition, with some clear negative 
trends and problem areas. 
2-8 Forest and grazing management 
        Sabogal (1992) defined Natural forest management as a land-use 
system aiming at sustainable production of forest product, based on the 
regeneration potential of the existing vegetation.  
The objectives of IFAD´s (2007) grazing management projects are to 
prevent both underuse and overuse of specific areas of the rangeland. 
Approaches vary depending on the problem encountered. For example: If 
certain locations are underutilized, then a coordinated rotational grazing 
plan may be introduced (e.g. Mongolia). If other areas are badly degraded, 
then a period of land resting may be necessary (e.g. Morocco). If the basic 
problem is related to land tenure uncertainty, fencing may be a viable 
option (e.g. China), although, in pastoralist production systems, fencing 
inhibits mobility and often leads to conflict. Alternatively, if there are 
simply too many animals on the pasture, then no grazing management 







2-9 Grazing Systems 
2-9-1 Continuous grazing 
         Abusuwar (2007) stated that in this system livestock placed on the 
range and allowed to remain yearlong or throughout the grazing season has 
been shown to result in undesirable successional changes in the range 
forage. This is mainly due to selective grazing which is the main draw back 
of this system. Animals will select desirable species with high nutrition and 
if allowed to remain through out the year, they will do much damage and 
destruction to key species.  
2-9-2 Rotational grazing 
          IFAD (2007) stated that under a rotational grazing management 
system, livestock are continuously moved among pastures, to avoid 
excessive use of individual rangeland areas. Since nomadic pastoralists 
tend to cover long distances in their annual migrations, the effective 
implementation of rotational grazing requires a high degree of coordination 
among participatory herder organizations and an institution that is strong 
enough to enforce the rules and access rights to resources. Community 
compliance may be encouraged by the strong traditions that often exist of 
rotational grazing. 
2-9-3 Traditional Rotational Grazing Strategies 
             Finan and Al-Haratani (1998) reported that most of Al-Taysiyah 
Bedouin practise a rotational grazing pattern that is determined both by the 
number of camps in an area and by the spatial distribution of different plant 
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species. Herds are moved in one direction one day and then in the opposite 
direction on the following day, and so on in a circular fashion until the 
livestock return to the original spot. When the pasture grasses have been 
exhausted, the family scouts nearby areas to determine if the camp should 
be relocated. 
2-9-4 Deferred Rotation Grazing 
Abusuwar (2007) stated that the ideas of deferred grazing and 
rotational grazing frequently combined   into a deferred rotation system. 
Under such a plan, grazing on one part of range may be deferred during 
one or more years: then by rotation other area are successively given the 
benefit of deferment until all have been deferred.  
A change in rotation order not sooner after each two years generally 
is considered desirable, as the seeds that are allowed to mature the first 
years will germinate the second year, and the young plant are given 
protection from grazing while they are becoming established, longer 
periods may be advisable if growth conditions are poor or the range is in 
poor condition. 
In its simplest form, the deferred rotation system consists of dividing 
a given range into two subunits, A and B. animal are placed on unit A for 
the first half of the season to allow   seed to mature on unit B. Unit B is 
grazed during the first half of the season and unit A is allowed to mature 
seeds. Again, after two years, the original order is followed. In practices, 
three pastures are most common but there may be as many as ten. 
• The advantages of deferred rotation grazing include:  
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1- Even utilization because of better distribution over the entire 
area. 
2- Deferment periods give a chance for seed production and 
seedling establishment.  
3- Less movement of animals (no traveling for longer distance) 
will save their energy. 
4- High forage production  
5- Flexible system in the sense that it can be modified during bad 
years (drought) to save livestock from starvation by utilization 
of rest period.  
2-10 Rangelands improvement 
Two broad approaches have been promoted to the problem of 
combating rangeland degradation by IFAD (2007). First grazing 
management activities, which focus on livestock range use. Second Land 
improvement activities, which focus on soil and vegetation.  
          UNDP (1992) has a project that focused on one part of Bara Province 
in North Kordofan State to test a model of community based natural 
resource management. The project is using participatory techniques with 
short-term economic and long-term ecological objectives. In the project 
area, few environmental regulations exist and no government or 
nongovernmental entity is actively promoting awareness of the 
environmental consequences of the land’s deterioration. Community-based 
management could help address local environmental concerns. Activities of 
the project are in the process of establishing a sustainable, local natural 
 21
resource management system to rehabilitate rangelands and prevent further 
land degradation. The project activities include: 
· Development of land use and rangeland management master plans 
· Improvement of 100 hectares of rangeland with native perennial grasses, 
browse species, and native trees 
· Stabilization of sand dunes by planting trees and grass 
· Creation of 195 kilometers of windbreaks comprising two rows of trees. 
A large portion of the project area’s range has already been reseeded. The 
project is promoting alternative livelihoods that reduce damage to forests. 
2-11 Water harvesting techniques           
         According to Sanjak (2004),  the idea of water micro-catchments 
emerges as a solution to water scarcity where water harvesting represents a 
genuine resilience – building strategy to cope with and adapt to frequent 
drought cycles, The turus technique of water harvesting is widespread and 
offers good opportunities for run –off manipulation and moisture storage.  
Despite the relatively high labor requirement and low grain yields, the turus 
are critically important in strategies of holding dispersal and hence of risk.  
Husain. (1998) stated that the Range and Pasture Administration in 
Khartoum state established several earthen and concrete dams in Wadi Abu 
Suwaid, Wadi El Hawad and Kababeach in East Nile Governorate, east of 
Khartoum. The dams proved successful in collecting and directing runoff 
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to seeded area. They improved vegetation cover in the seeded area and 
neighboring sites through seed dispersal by wind. 
         Rango and Havstad (2009) stated that although water-harvesting 
techniques have been used effectively in irrigated agriculture and domestic 
water supplies, there seems to have been little continued exploitation of the 
same techniques in arid and semiarid rangeland water conservation. A 
review of the history of rangeland water harvesting allows identification of 
the methods that have been useful in the past and that would likely be 
effective in the future. It seems that relatively simple water-harvesting 
approaches work best on rangelands, particularly water-ponding dikes to 
stimulate vegetation growth. Experience from rangeland water harvesting 
in New Mexico and other locations in the Southwest indicates that the 
approach is a long-term solution that produces significant vegetation 
growth, but generally only 10 to 15 years after installation because of the 
sporadic and spatially distributed nature of the summer monsoon rainfall. 
Additionally, the use of water-ponding dikes seems to most reliably 
produce an “island” of enhanced soil moisture and increased habitat cover 
and forage. Water-ponding dikes are easy and relatively inexpensive to 
construct and produce a pattern of vegetation similar to naturally occurring 
banded vegetation. Even very shallow dikes (7.5 cm) have been shown to 
produce a significant vegetation response. As climate changes our water 
supplies, historical techniques of water harvesting used for over 9,000 
years are viable rangeland water conservation alternatives now and in the 




           Abusuwar (2007) stated that rangeland reseeding is an attempt to re-
establish desirable species in areas where those species have disappeared or 
have been weakened by overgrazing or they are over dominated by other 
undesirable species as a result of misuse. The need for range seeding was 
intensified in the U.S. by the droughts in the early 1930s which led to wide 
spread range abuse. Since 1935, rapid progress has been made. 
Development of new machinery and planting methods, along with 
promising new species of grasses, has paved the way for success. The 
following objectives may justify seeding and reseeding: 
• To revegetate barren areas such as an abandoned croplands. 
• To replace vegetation destroyed by fire. 
• To expand the grazing seasons. 
• To improve quantity and quality of forage. 
• To re-establish native forage plants which would not naturally 
become established, and to protect an area from erosion.      
                According to FNC (2009) and Range and Pasture Administration 
(2009) in Gadaref state broadcasting of seeds before autumn resulted in 







MATERIAL AND METHODS 
3-1 Study area 
3-1-1 Location 
     Gadaref  State is one of the Eastern Region states of the Sudan, lies 
between longitudes 33°30' and 36°30 East and latitudes 12°40' and 15°40' 
North. The total population of the State according to 2003 census is a bout 
1 567 814 with an average growth rate of 3.7%. The total area of the state 
is approximately 710 000 km2 giving a per-capita area of 0.45 km '. The 
climate is dry in the North and North West and the rainfall ranges between 
100-900 mm during July-October. The eastern and southern parts of the 
state are wet and rainfall ranges between 500-900 mm per annum, where 
grasses and natural forests exist( Hineit 2008). 
The total area of the reserved forest is 2530217 feddans, constituting 
15% of the state area. The types of forests available in Gadaref State are as 
follows: reserved and under reservation forests covering an area of 2 395 
807 feddans, community forests with an area of 122 660 feddans, and 
private forests covering 11750 feddans. Shelterbelts established in 
mechanized agriculture schemes cover an area of 41850 feddans (FNC, 
Gadaref State 2006).  
        El Rawashda Forest is one of the reserved forests of ELfashaga Forest 
Circ1e in Gadaref state. It was reserved in 1960. Its western boundary is 40 
km north east of Gadaref Town at the high way to Kassala. The total area 
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of the forest is 124000 feddans. The soil is a dark cracking clay dominating 
the whole area of the forest. Rainfall range between 200-600 mm per 
annum FNC, Gadaref state, (2009). 
            The present study was conducted in an area lies between latitudes 
10°- 15' N and longitudes 35° - 45' E (approximately), with an area of 
78.228 km². Average altitude of 600 meters (Atta el Moula, 1985) 
(Mapt).EI Rawashda natural forest reserve is the largest forest in the area. 
It lies between Gadaref and Showak at latitude 14° -15' N and longitude 
34° - 36' E, covering an area of about 124000 feddans. The forest has been 
gazzetted in 1960 as a central forest reserve under 1932 central forest 
ordinance to safeguard the charcoal supplies for Khartoum (Hineit 2008). 
 
 










The Gadaref area is assumed to be a flat plain. It is a part of the 
Central Clay Plain which lies between latitudes 10°-15' N and longitudes 
33°_36' E. The Gadaref and its surroundings are located on a high plateau 
forming water shed between Atbara to the east and River Rahad to the 
west. According to Atta eI Moula (1985) Gadaref district consists of 
Basement complex, Nubian series, volcanic rocks and superficial deposits. 
3-1-3 Soil 
Soil is mainly a dark cracking clay soil, covering almost the whole 
area of the state, ten million feddans of which are exploited by rain-fed 
mechanized farming for cultivating sorghum and sesame. The irrational 
exploitation of the existing natural forest stand, the decrease in rainfall 
amount and distribution, and decreasing soil fertility have a negative 
impact on crops productivity Gadaref State Strategic Planning Committee, 
(2005).  
         The Gadaref region is a vast plain of clay soil. The average ground 
slope is approximately 2.5 meters per km. The soil in this region is 
described as deep, dark colored; heavy clay soil. The clay fraction varies 
from 61 % to 73% (Atta el Monla, 1985) and it tends to increase 
southeastward, coinciding with the increase in rainfall. The origin of the 
soil material is believed to be the Ethiopian high lands. Yet, extensive areas 
of cracking clay were derived from decomposition of rocks in suit. Atta eI 
MouIa (1985) identified areas of chocolate colored cracking clay in several 
areas e.g. around Gadaref and North of Doka. Restricted lands of red soils 
occur also in some areas, such as seen at Azaza north of Gadaref.  
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3-1-4 Rainfall 
Rainfall varies from north to south. The average annual rainfall 
ranges from 175 mm at Goz Ragab in the north to 570 mm at Gadaref in 
the center and 650 mm at Doka in the south. Rainfall in Gadaref area is 
markedly seasonal in character; the length of the rainy season fluctuates 
around the four months June to September( Atta el Moula, 1985). 
3-1-5 Vegetation 
 Generally, the vegetation of the area is largely dependent on rainfall 
and soil types. According to Harrison and Jackson (1958), the Gadaref area 
lies in the low Rainfall woodland Savannah belt on clay.  Despite the high 
deforestation trends in El Rawashda natural reserve forest still vegetation 
cover is composed of great diversity of trees, shrubs and grasses. The main 
dominant trees are: 
- Acacia seyal var. seyal (Tailh), the dominant tree species. Covering 70 
% of the total area of the forest.  
- Acacia senegal (hashab), mainly planted but some naturally growing 
trees are mixed in talih stand.  
- Acacia millifera (kitr), large shrubs, incidental throughout, more 
frequent and dominant on the slopes of the major khors draining 
towards the Atbara River.  
- Acacia nubica (laot), incidental as a small shrub, some pockets in the 
northern part of the forest.  
- Balanites aegyptiaca (higlig), small to large, dominant trees, scattered 
throughout the reserve.  
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The obvious feature of El Rawashda forest is the dominance of 
grasses and herbs including: Cortolaria senegalensis (Safari), Ocimum 
basilicum (Rehan), Ipomea cardiosepala (Hantoot), Ipomea cordofanam 
(Taber), Solanuim dubium (Jubein), Sorghum halpens (Adar), Aristida 
mutabilis (Gaw), Cympopogn nervatus (Nal), Pennisetum spp. (Danab 
kadees) Tribulus terrestris (Derisa) and Phragmites spp (Boos).  
3-2 Methodology 
3-2-1 Over view 
        Material and Methods include description of the scope of research, the 
target group, and sample selection. Moreover, the data collection 
instrument (questionnaire) is described in the forms of its construction, 
validity and field-testing as well as the procedures and methods employed 
for data analysis.  The study was undertaken for the purpose of assessment 
of rangeland and tree cover and means of improvement. 
         In this study, two types of data were used to achieve the research 
objectives, namely primary data and secondary information. The primary 
data were collected by direct observations during the field survey, ground 
assessment and local residence interviews by questionnaire. The sources of 






3-2-2 Data collection  
3-2-2-1 Reconnaissance survey  
The first visit was carried out to El Rawashda natural forest reserve, 
to up-date information on the area and delineates boundaries for area 
remapping, by using GPS (Global Positioning System). Primary data of the 
past forest status (e.g. area and type of trees species), was collected by 
reviewing the document available from the FNC and Range and Pasture 
Administration, Gadaref State, and other relevant literature.  
The forest area was sampled randomly to evaluate: 
• The general features of the study area.  
• Topography, vegetation cover, soil, rainfall and climate.  
• physical and biological characteristics of vegetation. 
• Observations about illegal activities (over grazing, cutting and fires). 
3-2-2-2 Experiment layout and Field work 
The most deteriorated areas were identified in different places and 
were considered as the experimental site of about 20 feddans. These were 
further divided into five parts with four feddans for each one as separate 
unit. In each unit (4 Feddans) four treatments were applied as means of 
range improvements. The designated treatments which were conducted are:  
- Broadcasting forage and trees seeds just before autumn. 
- Broadcasting forage and trees seeds after disc ploughing. 
- Forage and trees seed sowing with water harvesting techniques. 
 30
- Control. 
The experiment was conducted in 2008 and 2009 rainy seasons. In 
each of the two seasons the following measurements were taken  
3-2-2-3 Parameter measured for forage plant  
1. Productivity per unit area was measured by quadrate. 
          Abusuwar (2007) defined productivity as the total weight of dry 
matter produced by all green plant growing in particular area. Productivity 
can be considered as primary productivity which is the total amount of dry 
matter produced including all losses of carbohydrates (CHO) used during 
respiration. Net productivity is measured by clipping or cutting the growing 
plant. The ideal situation is when to consider the root part plus the shoot, 
but in most of the cases the root part is neglected because of its minor 
contribution as a forage and difficulty in a sprouting plant.  
           The productivity or forge yield is measured by using one meter 
quadrate. The vegetation within the quadrate was cut and fresh weight is 
determined. The cut material was separated into individual component of 
the different species and then the weight of each one was taken separately.  
Forage yield is the weight of the useable part of the plant that is 
produced within a designated period of time (usually a year) on a given 
area. Forage productivity estimates are essential for the determination of 
range carrying capacity. Sampling forage yield is done using the square 
meter quadrate. Number of samples can be determined using the species-
area-curve methods.                   
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2. Vegetation covers was measured by visual estimates and transect 
method. 
In El Rawashda, measurements of vegetation were taken by the loop 
method which is a simple technique that requires a 3/4 – inch diameter loop 
for measuring. The methods consist of stretching a 10 – meter tape 
randomly placed on the part of range under study. Vegetation 
measurements were taken at one meter mark along the tape by lowering the 
loop down at the meter mark by the sampler when the loop reaches the 
ground, it will either touched vegetation, bare soil, dead plant, material or 
rock, will be recorded. The following equation is used to calculate 
vegetation cover for each transects:  
        Vegetation cover % =    total hits on vegetation   × 100 
                                                10 
3. Species composition of plant was measured by transect method.    
           Species composition % =    total hits of the plant   × 100 
                                        total hits on vegetation    
  
 




3-2-2-4 Social economic survey 
3-2-2-4-1 Selection of respondents 
The local community was considered in data collection. The primary 
data was collected from the surveyed population using questionnaire as a 
tool for face to face interview.  A total sample of 150 respondents was 
selected for the research.  Random selection was made on the principal that 
only one respondent represent a household.  No consideration was given to 
gender and age factors, but who ever is available at their places (male or 
female) was subjected to interviewing during data collection.   
3-2-2-4-2 Construction of the questionnaire 
- The construction of the questionnaire was made according to the 
guidance of FAO (1985).  The suggestions of the supervisor as well as 
ideas of other experts in the field of study helped to reach the final 
format of the questionnaire.   
- Two types of questions were used in the questionnaire.  Closed-end 
questions, with mostly multiple choices or yes / no style of answers, and 
dichotomous questions in step-wise style, each answer leading to a 
specific set of follow up questions with no open-ended questions except 
where it is inevitable (Appendix 4).   
3-2-3 Data analyses 
The statistical analysis carried out through exploratory manipulations 
of the data obtained from the study area.  This process was accomplished 
by critically examining the data through the use of simple techniques of 
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analysis.  The main tools are the construction of simple tables and selected 
cross-tabulation which allows tentative answers to many of the questions 
being asked in the social survey. The statistical package software used for 
social survey data was SPSS 
The experimental design was Completely Randomized Block Design   















CHAPTER IV  
RESULTS AND DISCUSSION 
4-1 Social survey 
4-1-1 Government institution groups and source of income 
        Fig (4-1) shows the sources of income for the respondents. 
About 48% of the respondents depends on activities other than grazing for 
income generation. About 30% of the respondent depends on grazing 
practice for sustainable livelihood because the local people rely on animal 
and animal products that minimize their needs from markets. Farming is 
also among the important economic activities, where 22% of the 
respondents were farmers. 
In this study different issues were considered to reflect the general 
characteristics of respondents, more specifically: government institution 
groups and source of income. The government institution groups and the 
sources of income issues are among the most important variables, which 
are given special consideration in the process of development (Chamber, 
1982).The source of income depends on occupational category of the 
respondent and it is an indicator of livelihood and welfare of the household 
in the study area.  Sources of income in the study area are confined to many 



















4-1-2 Status of the rangelands and tree cover 
        The status of the rangelands and tree cover according to the 
respondents were shown in Fig. (4-2). Most of respondents 87.3% stated 
that range has deteriorated, while only 12.7% stated the range condition 
excellent. The evidence for rangeland degradation at the ground level, the 
most visible indicator of overgrazing is simply less forage and more 
exposed bare earth, though it is difficult to quantify the rate of degradation 
using such anecdotal indicators without a baseline.   
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4-1-3 Causes of degradation 
         The factors responsible for the deterioration of rangelands and tree 
cover in the study area, according to respondents were shown in Table (4-
1) and Fig. (4-3).  Agricultural expansion was mentioned by 94% of the 
respondents as the main factor behind the deterioration of the rangelands 
and tree cover mentioned by the respondent  in the study area, while over 
cutting is mentional by(92.75%. Mohamed (2008) showed that at present 
natural forest in Sudan is estimated to have declined to approximately 0.8 
billion m3 standing crop, while it was 2.4 billion m3 in mid seventies. Since 
the time when reservation of natural forests started in 1932, the policy was 
to concentrate on the management of forests reserves under government 
control, to organize felling program, protection, conservation, development 
and management. The deterioration of rangeland and tree cover due to 
decrease in palatable grasses, climate change, animal population and fire 
was stated by 87.3%, 86.75%, 78% and 71.3% of the respondent, 
respectively. Tolba (1984) concluded that the main cause of desertification 
is human over-exploitation of lands through over-cultivation, over cutting 
of wood and over grazing. All these are conflicting and sometimes 























admin. 84 80 68 84 84 92 92 
FNC 88 80 68 88 80 96 88 
Rawashda 
village 76 68 60 80 72 92 92 
Wad capo 
village 92 80 84 92 80 96 92 
Refugees 
camp 92 80 80 92 84 96 96 
Grazer 88 80 68 88 76 92 96 


















Fig (4-3): The causes of degradation according to respondents 
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4-1-4 Tree cover in El Rawashda Forest 
Fig. (4.4) shows the dominant tree cover in El Rawashda forest are 
used as fodder by livestock according to respondent 84.7% of the 
respondent mentioned  Acacia seyal (Talih), followed by Acacia millifera 
(Kitir) 78.7%, Acacia senegal (Hashab) 74%, Balanites aegyptiaca 
(Hegleag) 71.3%,  Acacia nubica (laoat) 67.7% and Zizphus spinchristi 
(Sidr) 60%.  Due to the fact that all the woody vegetation in El Rawashda 
forests is naturally regenerated, it is logical to find some biodiversity in the 
vegetation cover in various densities.  However, the status of the vegetation 
cover is not good due to several factors such as frequent drought cycles, 
illegal activities and over cutting.                 
According to Abusuwar (2007) the range resources which cover 
considerable acreages of forest are grazed and many of the more arid 
portions of world, normally considered desert, contribute significantly to 
forage production in favorable years. An example of the former is the pine 
forest of the southern United State, where timber, wildlife, and domestic 
livestock are simultaneously produced from the same land. Another 
example is seen in the Sudan were pastoralists and their livestock 
depending heavily on forest grazing during bad years during their seasonal 
movement between north and south. El Rawashda forest north of Gadaref 


































4-1-5 Extent of using trees as fodder 
Table (4-2) shows that 64% of the respondents believe that grazer 
depend on trees as fodder (highly use), while 32% consider that 
dependence is medium and only 4% reported that forests are not used for 
grazing.  
Also about 40.7% of respondents mentioned that trees are used for 
fodder in summer, while 34% and 38% mentioned the trees are used during 
autumn and winter, respectively. This indicates that trees are used almost 
all the year specially during the dry seasons. In autumn the percentage of 
use of trees is lower due to presence of herbaceous vegetation. 
     
Table (4-2): Extent of using trees as fodder according to respondents 
 
Extent of using trees as 
fodder 
Season of dependence on 














Rangeland admin. 68 28 4 48 28 24 
FNC 64 36 0 40 36 24 
Rawashda village 64 32 4 44 32 28 
Wad capo village 60 36 4 36 36 28 
Refugees camp 60 32 8 36 36 28 
Grazer 68 28 4 40 36 24 





4-1-6 Benefits from forest 
Fig (4-5) and Table (4-3) shows the different benefits of El 
Rawashda forest as perceived by local communities.  Fortunately, all the 
respondents appreciate the role of forests in terms of services and products 
they render to them.  Indiscriminately, all the respondents believe in the 
importance of the forests. It is generally acknowledged that El Rawashda 
forests represents natural rangelands; a considerable proportion of 
respondents 26% stated that cutting of trees and selling timber in the 
market to improve their economic income and about 25% of the 
respondents mentioned fire wood as one of the uses of forest products, also 
25% of respondents mentioned indicated charcoal. This necessitates the 
importance of addressing energy substitutes for the sake of reducing 
pressure on the natural forest in the state.  Some respondents 24% indicated 
that house construction materials.   
Forests as an ecosystem are of a paramount importance in the 
resilience of local communities' livelihood. Different benefits are expected 
to be tapped from forests; environmental, economical and social which all 
collectively contribute directly or indirectly to the sustainable livelihood of 
local communities.   Local people in the study area perceive the benefits of 
forests differently.  Most of the buildings, if not all, in the rural areas are 
made of local materials – mainly of forest products.  Construction of 





Table (4-3): Uses of wood products according to respondents 







% Charcoal% Marketing % 
Rangeland admin. 80 92 92 88 
FNC 76 80 88 96 
Rawashda village 88 84 84 88 
Wad capo village 84 84 96 96 
Refugees camp 92 100 88 92 
Grazer 84 84 88 88 













Fig. (4-5): Uses of wood products according to respondents 
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4-1-7 Efforts made to rehabilitate rangelands and tree cover 
Fig. (4-6) shows the different activities carried out to rehabilitate the 
rangeland and tree cover. About 89.3% of the respondents mentioned the 
use of disc ploughing as an activity used for range rehabilitation. While 
85.3% was followed in the forestation program mentioned the use of water 
harvesting. According to Husain (1998) the Range and Pasture 
Administration in Khartoum state established several earthen and concrete 
dams in Wadi Abu Suwaid, Wadi El Hawad and Kababeach in East Nile 
Governorate, east of Khartoum. The dams proved successful in collecting 
and directing runoff to seeded area. They improved cover vegetation in the 
seeded area and neighboring sites through seed dispersal by wind. Seventy 
one percent of the respondents stated that rehabilitation is done by 
broadcasting of improved seeds as a practiced activity. About 59.3% of the 
respondent mentioned that rehabilitation is done by expansion in tree 
planting and 54.7% of respondents mentioned by identification by grazing 
pathway. 
Abusuwar (2007) stated that rangeland reseeding is an attempt to re-
establish desirable species in areas where those species have disappeared or 
have been weakened by overgrazing or they are over dominated by other 






































Fig (4-6) Efforts made to rehabilitate rangelands and tree cover 










4-1-8 Reasons for increasing animal population 
Fig. (4-7) shows that 70.7% of the respondents stated that the 
increase in animals' population was due to vaccination activities, 42.7% 
due to extension, while 42.7% due to water resources and 76.75% other 
reasons. 
According to Sudan vision (2008) the livestock population (cattle, 
sheep, goats and camels) is impressive, with a head count of approximately 
135 million in 2004. Its rate of growth has been equally remarkable: the 
stocking rate has increased sixfold in less than fifty years, from a 
population size of 22 million in 1959. No livestock census has been carried 
out recently in Southern Sudan, where estimates of the population range 











Fig.(4-7): Reasons for increasing animal population according to 
respondents 
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4-1-9 Plants preferred by animals 
Fig (4-8) shows preferable grasses to animals in study area according 
to respondents. These include Taber, Hantot, Adanh, Malokhiat alkhala, 
Rabah, Suffair, Siha and Other, as mentional by 87%, 83%, 76%, 73%, 
70%, 68%, 62% and 72% of the respondent, respectively.     
Livestock in rangeland have preferable attitude towards (palatable) 
grasses to select. Sudan vision (2008) claimed the second indicator of 
overgrazing is the marked replacement of palatable perennial grasses by 
annuals of low nutritional value and palatability. This has been confirmed 
by technical studies in at least six states (Northern, Gadaref, Kassala, 
Northern Kordofan and Northern Darfur). In Gadaref, the Range and 
Pasture Administration estimates that 50 percent of the state's rangelands 
degraded, with a severe incidence of invasive species.  
    










































Fig. (4-8): Plants preferred by animals according to respondents 
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4-1-10 Disappearance of plant species 
         Where there are palatable plants, they are more vulnerable to be 
grazed by livestock, which leads to their disappearance. Fig (4-9) shows 
plant species disappearing in study area according to respondents. These 
include Siha, Defra, Omsilika, Abugenagra, Haskaneet, Suffair, Derasa, 
and other as mentional by 92%, 87%, 81.30%, 75%, 76%, 69%, 66% and 
69% of the respondent, respectively.       
 
 













































4-1-11 Invader plants 
Fig. (4-10) shows the plant species disappeared according to what is 
mentional by the respondent. About 86%, 80%, 77%, 68%, 58.6%, 58.6% 
and 36% are Adar, Danab kadees, Ramtook, Boos, Nal, Gaw and other 
species disappeared, respectively.  
When the number of animals is greater than the carrying capacity, 
animals graze more palatable plant species, which lead to the 
disappearance of these species  . Invader grasses replaced palatable 
perennial grasses are annuals of low environmental and nutritional value 
which is second indicator of overgrazing.  
 
 









































Fig. (4-10): Invader plants according to respondents 
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4-2 The experiment 
4-2-1 Productivity 
 Table (4-4) and Fig. (4-11) show dry productivity of forage 
(tons/feddan) in El Rawashda forest under different sowing treatments 
during two seasons. Significant differences regarding the productivity have 
been observed among the treatments. The highest productivity was under 
disc ploughing followed by water harvesting and direct broadcasting during 
the two seasons. These variations in productivity might be attributed to 
conditions under each treatment. Under disc ploughing the seeds were 
likely more protected and were enjoying better soil moisture compared to 
the seeds in the other treatments.  
Table (4-4): Dry productivity of forage under different sowing 
treatments 
Season one Season two 
Treatment Early Late Early Late 
Direct broadcasting 0.7     c 1.6    c 0.67   c 1.64   c 
Disc ploughing 0.75   a 1.9    a 0.75   a 1.82   a 
Water harvesting 0.74   b 1.76  b 0.71   b 1.69   b 
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4-2-2 Vegetation cover  
Table (4-5) and Fig (4-12) show vegetation cover in El Rawashda 
forest under different sowing treatments during the two seasons. Similar to 
the trend of productivity, the vegetation cover under disc ploughing was the 
best compared to the other treatments including the control in two seasons.  
Table (4-5): Vegetation cover under different sowing treatments 
Season one Season two 
Treatment Early Late Early Late 
Direct broadcasting 82     c 80.6   c 84.4   c 84.4    c 
Disc ploughing 93.8  a 93.2   a 94.6   a 92.4    a 
Water harvesting 85.4  b 84.6   b 87.8   b 87.7    b 
Control 71     d 69.8   d 71      d 77       d 
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Fig. (4-12): Vegetation covers under different sowing treatments 
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4-2-3 Species composition as affected under different sowing 
treatments 
 Table (4-6) and Fig. (4-13) show species composition by percentage 
of species under different sowing treatments during two seasons. The 
percentage of Tabar was significantly higher under all sowing treatments 
compared to the control. For Hantoot, Talih and Adana the percentage was 
significantly higher in disc ploughing compared to broadcasting and water 
harvesting treatments. The percentage of all species was the lowest under 
control. In all treatments the percentage of Siha and Deraysa was almost 
zero for Siha under disc ploughing and control. This very low composition 
percentage could explained by the fact that their competition percentage 
was very poor to the other species.    
 
 
Table (4-6): Species composition as affected by different sowing 
treatments 
Treatment Tabar Hantoot Siha Deraysa Talih Adana  
Broadcasting seeds 7.52    a 7.95   b 0.6    b 0.42   b 7.1     b 6.61   b 
 Disc ploughing  7.82    a 8.61   a 0       c 0.05   d 7.36   a 7.51   a 
Water harvesting  7.71    a 7.9     b 0.99  a 0.82   a 7.14   b 6.72   b 
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4-2-4 Species composition for invader species under different sowing 
treatments 
 Table (4-7) and Fig. (4-14) show Species composition for invader 
species under different sowing treatments during the two seasons. The 
percentages of Danab kadees, Draia and Gaw were similar under all 
treatments. However, Adar exhibited the highest percentage. The highest 
percentage of species composition observed in Adar might be associated 
with its relatively fast growth in addition to its natural growth habit. 
Table (4-7): Species composition for invader species under different 
sowing treatments 
Treatment Adar  Danab kadees  Ramtook Draia  Gaw  Nal  Boos  
Broadcasting seeds 27.23  b 5.14   a 5.93   a 5.58  a 4.7   a 4.85   a 4.22   a 
 Disc ploughing  27.9    a 5.48   a 4.35   b 5.53  a 4.75 a 4        a 4.44   a 
Water harvesting  27.7    a 5.87   a 3.51   c 5.61  a 4.58 a 2.85   b 2.97   b 
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Fig. (4-14): Species composition for invader species under different 
sowing treatments 
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4-2-5 Plant density 
Table (4-8) and Fig. (4-15) show planting density in El Rawashda 
forest under different sowing treatments during the two seasons. The 
density was variable among the different treatments with the highest under 
disc ploughing relative to others in the two seasons. This variation could be 
justified by variations in the planting conditions as explained above (4.11 
Productivity).  
Table (4-8): Plant density under different sowing treatments 
Season one Season two 
Treatment Early Late    Early Late 
Direct broadcasting 18.5   c 18.6   c 18.6  c 18.7   c 
Disc ploughing 20.4   a 21.1   a 20.6   a 20.1   a 
Water harvesting 19.7   b 19.9   b 19.6   b 18.9   b 








Early Late Early Late














Fig. (4-15): Plant density under different seeding treatments 
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4-3 Carrying capacity 
The carrying capacity is calculated on the average forage production 
data recorded for two seasons and the actual animal unit requirement. 
Animal unit requirement                                    = 12 kg/day 
Animal unit requirements / year                       = 12x 365 = 4380 kg/year 
The total area of El Rawashda forest                = 124000 feddans. 
             Average forage productivity. According to Abusuwar (2007) not 
all herbage is forage, so we need to know the percentage of forage in the 
herbage. Usually, it is assumed that 50% of the herbage is usable forage. 
(Of course this value will differ from one range to another according to the 
vegetation type dominating the range). 
  In El Rawashda forest the percentage of usable forage (PUF) is 
50%.     
Table (4-9) shows the final productivity and carrying capacity, which 
were significantly higher under disc ploughing compared to the other 
treatments. These variations in carrying capacity might be attributed to 
conditions under each treatment. Under disc ploughing the seeds were 
likely more protected and were enjoying better soil moisture compared 












Usable forage Carrying capacity 
(fed./A.U./year) 
Direct broadcasting  1.6    c 0.8   c 5.48  c 
Disc ploughing  1.9    a 0.95  a 4.61  a 
Water harvesting  1.76  b 0.88  b 4.98  b 
















 CONCLUSION AND RECOMMENDATIONS 
5-1 Conclusions 
1. Nomads are staying in the forest for varying periods with their 
livestock using the forest as pasture. Forest degradation resulted 
from intensive activities of nomads including grazing pressure and 
lopping trees.    
2. Different factors are responsible for the deterioration of rangeland 
and tree cover in El Rawashda forest, the main factors are: over-
cutting of wood (illicit felling), over grazing due to increase in 
animals population and this resulted in depletion of forage and 
replacement by unpalatable grasses. Deterioration is also due to 
over cultivation by traditional or mechanized farming, population 
increase climate change and fires. 
3.  The most dominant tree species in El Rawashda forests are Acacia 
seyal var. fistula (sufar abyad), Acacia seyal var. seyal (Talih), 
Acacia millifera (kitr), Acacia nubica (laot) and Balanites 
aegyptiaca (heglig). 
4.  Sources of income in  the study area as shown  by the 
questionnaire that 48% of the respondents depend on other income 
activities, while 30% depend on grazing practice, and 22% of the 
respondents depend on farming.  
5. The main benefits of the forests as perceived by the local people 
are: provision of fodder, wood for construction of local houses, 
charcoal, fire wood and selling other forest products. 
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6. The main reported activities for rangeland and tree cover 
rehabilitation include: disc ploughing with seed broadcasting, water 
harvesting technique with seed broadcasting and direct seed 
broadcasting. 
7. Seeds used in the experiment include seeds of (Tabar, Hantoot, 
Siha, Derasa and Adana) in addition to seeds of (Talih). 
8. Preferred grasses include Tabar, Hantoot, Adana, Rabah, Suffair 
Malokhiat alkhala and Siha. 
9. Grasses such as Siha, Deffra, Omsilika, Abugenagra, Haskaneet, 
Suffair and Derasa where not found in the area.  
10. Invader grasses are Adar, Danab kadees, Ramtook, Deraia, Boos, 
Nal and Gaw.  
11. There is a significant difference among treatments in forage 
productivity, vegetation cover, species composition and density. 
Significantly higher under disc ploughing followed by water 
harvesting then broadcasting seed and lastly control. 
12. Seeds used in the experiment include seeds of (Tabar, Hantoot, 
Siha, Derasa and Adana) in addition to seeds of (Talih). Siha and 
Derasa have low species composition and density too; due to their 






5-2 Recommendations  
1. Forest and rangeland authorities should increase the using of disc 
ploughing, water harvesting technique and direct broadcasting of 
seeds for the enrichment of the rangeland and tree cover. 
2. Introduction of laws and grazing licenses to regulated the 
movement of the nomads, 
3. Introduction of deferred grazing system which will give a chance 
to the plant to regenerate and spread on the area in comparison 
with the grazing system. 
4. Artificial reseeding of new palatable plant species should be 
practiced after disc ploughing i.e. Tabar, Hantoot, Adana and 
Deffra. 
5. Protection of the regenerated area and the rangeland so as to be 
used in the critical period of the dry season. 
6. Prohibition of tree cutting and formulation of laws to prohibit 
illegal use.  
7. Fire control by construction of fire line. 
8.  Deferred rotation grazing has advantage as: even utilization of 
range defrayment periods give a chance for seed production and 
seedling established, less movement of animals will save their 
energy, high forage production during bad years (drought) to save 
livestock from starvation by utilization of rest periods. 





Abdalla, M. A. (2007) Boswellia papyrifera tree. Pamphlet under 
preparation. 
Abusuwar, A. (2007) Rangeland management UNESCO CHAIR. 
Khartoum university of press.  
Adam, H. S. and Abdalla. H. A. (2007) Metrology and Climatology, 
book. Desertification and desert cultivation studies institute (DADCSI) and 
UNESCO chair on desertification studies – University of Khartoum, Sudan 
–University of Khartoum Press.  
Albert, R. and Kris, H. (2009)  Environmental Practice 11:84 – 94 
Cambridge University Press. Copyright © National Association of 
Environmental Professionals 2009. 
AOAD (2006) Arab Org. for Agricultural Statistics Yearbook.vol 26. 
Khartoum ,December 2006. 
Atta Elmoula, M. E. (1985) On the problem of resource 
management in the Sudan. Environmental Monograph Series. I.E.S. 
University of Khartoum, Sudan. 
Ayoub, A.T. (1998) Extent, severity and causative factors of land 
degradation in the Sudan. Journal of Arid Environments 38:397 – 409. 
Babiker, M. (1983) Temporal settlement of the nomads. In Sudan 
Environments. The New Letter of the I.E.S University of Khartoum, 
Sudan. 
 63
Boko, M. I. Niang, A. Nyons, C. Vogel, A. Githeko, M. Medany, B. 
Osman-Elasha, R. Tabo and Yanda P. (2007): Africa. Climate Change 
(2007) Impacts, Adaptation and Vulnerability. Contribution of Working 
Group II to the Fourth Assessment Report of the Intergovernmental Panel 
on Climate Change, M.L. Parry, O.F. Canziani, J.P. Palutikof, P.J. van der 
Linden and C.E. Hanson, Eds., Cambridge University Press, Cambridge 
UK, 433-467. 
Bond, W.J. and Midgley, G.F. (2000) A proposed CO2-controlled 
mechanism of woody plant invasion in grasslands and savannas. Global 
Change Biology 6:865-869.  
Bond, W.J. Midgley, G.F., Woodward, F.I. (2003) The importance of 
low atmospheric CO2 and fire in promoting the spread of grasslands and 
savannas. Global Change Biology 9: 973-982. 
Brooks, N. (2006) Climate change, drought and pastoralism in the Sahel. 
Discussion noted for the World Initiative on Sustainable Pastoralism. 
November 2006. 
Chamber, R. (1982). Rural Development Putting the Last First. Longman. 
Christensen, H. and Hewitson, B., (2007): Regional Climate projections, 
In: Solomon et al., Climate Change (2007), The Physical Science Base, 
Contribution of Working Group 1 to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change, Chapter 11, 848-940. 
 64
CIFOR. (2004) Workshop about Decentralization of forest sponsored by 
Indonesia and Switzerland, and organised by the Center for International 
Forestry Research (CIFOR). Switzerland. 
Conway, G. (2008) The science of climate change in Africa: Impacts and 
adaptations. Department of International Development, United Kingdom. 
Daak. A. A. (2007) Detection of Vegetation Cover Change using Remote 
Sensing and GIS System; A Case Study Okalma Reserved Forest, M.Sc. 
Thesis, University of Khartoum . Faculty of Forestry, Sudan. 
Darag, A. (1973) The impact of Ranching System in Baggara of the 
Western Sudan M.Sc. thesis. Utah state university, U.S.A. 
Easterling, W.E. (2007) Food, fibre and forest products. Climate Change 
2007: Impacts, Adaptation and Vulnerability. Contribution of Working 
Group II to the Fourth Assessment Report of the Intergovernmental Panel 
on Climate Change, Cambridge University Press, Cambridge, UK, 273-
313. 
 Elasha, B.O. (2006) Background paper on impacts, vulnerability and 
adaptation to climate change in Africa for the African workshop on 
adaptation - implementation of decision 1/CP.10 of the UNFCC 
Convention,  Accra, Ghana, 21-23 September, 2006. 54 pp.  
El Hassan, A. M. (1981) The Environmental Consequence of Open 
Grazing System in Central Butana. M.Sc. thesis, I.E.S. University of 
Khartoum, Sudan. 
 65
Elsiddig, I. A. and Hethering, J. C. (1984) Adis to the management of 
acacia nilotica in Sudan. For. Ecol. Mange, 7:2 75-289. 
FAO (1985) Tree growing by rural people, FAO, forestry paperNo.64 FAO 
of UN, Rome.  
FAO (1992) A framework for analyzing institutional incentives in 
community forestry. Community Forestry Note 10. 
FAO (1997) State of the world's forest. Situation and prospects for forest 
conservation and development, Italy.  
Finan, T.J. and Al-Haratani E.R. (1998) Dry lands: Sustainable Use of 
Rangelands into the 21st Century, IFAD, Rome. 
Fischlin, A., G.F. Midgley, J.T. Price, R. Leemans, B. Gopal, C. Turley, 
M.D.A. Rounsevell, O.P. Dube, J. Tarazona, A.A. Velichko, (2007) 
Ecosystems, their properties, goods, and services. Climate Change 2007: 
Impacts, Adaptation and Vulnerability. Contribution of Working Group II 
to the Fourth Assessment Report of the Intergovernmental Panel on 
Climate Change, M.L. Parry, O.F. Canziani, J.P. Palutikof, P.J. van der 
Linden and C.E. Hanson, Eds., Cambridge University Press, Cambridge.  
FNC (2006) Report of Forest National  Corporation in Gadaref State, 
Sudan.  
FNC (2009) Report of Forest National Corporation in Gadaref state,  and 
Kordufan State, Sudan. 
 66
Gadaref State Strategic Planning Committee (2005) Gadaref state 
encyclopedia, administration of planning and development, ministry of 
Finance, Gadaref state. 
Hein, A.L. (2006) Climate change in Africa. Cicerone 2006 (6). 
Herrmann, S.M, (2005) Recent trends in vegetation dynamics in the 
African Sahel and their relationship to climate, Global Environmental 
Change, 15, 394-404. 
Hineit B. M. (2007) Effect of type, time of tapping and tree size of Acacia 
seyal on the product of gum Talha in El Rawashda forest, Gadaref State, 
Sudan. University of Khartoum, Faculty of Forestry, Sudan. 
Hoffman, M.T. and Ashwell, A. (2001) Nature divided: land degradation 
in South Africa. UCT Press, Cape Town. 
Hulme, M., (1996) Climate change and southern Africa: an exploration of 
some potential impacts and implications in the SADC region. Climatic 
Research Unit, University of East Anglia, Norwich, United Kingdom. 
ISBN: 2-88085-193-9. 
Hulme, M., Doherty, R., Ngara, T., News, M. and Lister, D. (2001) 
African climate change: 1900-2100. Climate Research 17: 145-168. 
Husain, A. O. (1998) Khartoum state experience in combating 
desertification. A paper presented in a workshop entitled "States workshop 
experience in combating desertification". 27-28 June 1998, Khartoum, 
Sudan. 
 67
IFAD (2007) Combating Range Degradation, The Experience of IFAD 31 
October. 
Kaaraka V. (1996) The Finnish Society of Forestry Science, Management 
of Bushland vegetation using Rainwater Harvesting in Eastern Kenya. 
MacKellar N.C., Hewitson B.C. and Tadross M.A. (2007) 
Namaqualand’s climate: recent historical changes and future scenarios. 
Journal of Arid Environments 70: 604-614.  
Magrabi, El .M. (1991) An Integrated sylvo- pastoral system in  El 
Rawashda forest reserve, Eastern Region. M.sc. Department of Forestry, 
Faculty of Agriculture, University of Khartoum, Sudan. 
Mohamed,G. E. (2008) Socioeconomic aspects of Natural vegetation 
cover affecting rural communities sustainable livelihood. Case study, 
North White Nile State, Sudan.     
Mustafa.M.A (2007) Desertification Processes. Desertification and desert 
cultivation studies institute (DADCSI) and UNESCO chair on 
desertification studies – University of Khartoum, Sudan –University of 
Khartoum press. 
Poorter, H. and Navas, M.L. (2003)  Plant growth and competition at 
elevated CO2: on winners, losers and functional groups. New Phytologist 
157: 175–198.  
Sabogal, C. (1992) Regeneration of   tropical dry forests in Central 
America, with examples from Nicaragua. Journal of Vegetation Science 
3:407-416. 
 68
Sanjak, El Amin. (2004) Water harvesting technique as a coping 
mechanism to climate variability and change (drought) North Darfur state, 
case study report A thesis Submitted to University of Khartoum, Sudan 
Seif Eldein, A. G. (1986) Integrated land use in forest reserves eastern 
region. Global diagnosis and environmental of the people, governmental 
the Sudan, Nether land and F.A.O, Khartoum, Sudan. 
Society for Range Management (SRM) (1974) A Glossary of Terms used 
in Range Management. Published by the Society for Range Management, 
Denver, Colorado, USA. 
Stige, L.C., Stave, J., Chan, K-S., Cianellei, L., Pettorelli, N., Glantz, M., 
Herren, H. and Stenseth, N.C. (2006) The effect of climate change on agro-
pastoral production in Africa, PNAS, 103, 3049-3053.  
Sudan Vision (2008) Sudan Post-Conflict Environmental Assessment, 
(41), Tuesday, April, Main News. 
Suliman, M. M. and Darag, A. (1983) Desertification with special 
emphasis on carrying capacity and pastoral resources. In pre-assessment of 
natural resources issue in Sudan, I.E.S. University of Khartoum , 
Khartoum, Sudan PP. 2-27.  
Thornton, P., Herrero, M., Freeman, A., Mwai, O., Rege, E., Jones, P. 
and McDermott, J. (2006a) Vulnerability, climate change and livestock – 
research opportunities and challenges for poverty alleviation. International 
Livestock Research Institute (ILRI), Kenya. 23 pp.  
 
 69
Thornton PK, Jones PG, Owiyo T, Kruska RL, Herrero M, 
Kristjanson P, Nair S, Kumar V and Kulkar U (2006b) Mapping 
climate vulnerability and poverty in Africa. Report to the Department for 
International Development, ILRI, PO Box 30709, Nairobi 00100, Kenya. 
Pp 171.  
Tolba, M. K. (1984) Harvest of dust in Desertification control Bulletin No 
10 UNER, Nairobi, Kenya .PP. 2.4. 
UNFCCC (1992) United Nation Convention of Climate Change, Rio De 
Ganero. Article І (definition) 
United Nations Development Programme, (1992) Rangeland 
Rehabilitation for Carbon Sequestration. 
Vink, A. T. (1985) Management proposal for Rawashda forest reserve. 
Fuel wood development for energy project in Sudan. 
Wand, SJE, (1999) Responses of wild C4 and C3 grass (Poaceae) species 
to elevated atmospheric CO2 concentrations: a meta-analytic test of current 
theories and perceptions. Global Change Biology 5: 723-741. 
World Bank, (1985) Desertification in Sahelian and Sudanian zones of 







Climate of the study area    
Average rate of rainfall for each month from 1998 to 2008 
Average rate of humidity for each month from 1998 to 2008  
Average rate of temperature for each month from 1998 to 2008 
Average rate of winds velocity for each month from 1998 to 2008 
Average rate of 
humidity 
Average rate of 
temperature 





Month Humidity MAX MIN Sp/h DIR rain/mm 
January 33.36 13.96 17.78 3.45 NE 0 
February  28.64 37.79 19.68 4 NE 0 
March 21.91 39.79 22.2 3.55 NE 0.97 
April 23.64 42.14 25.35 3 NE 7.8 
May 34.18 41.8 26.17 3.18 SW 24.19 
June 48.36 38.43 24.08 4.45 SW 82.27 
July 66.09 33.98 22.45 3.91 SW 194.5 
August 72.73 32.76 21.49 3.18 SW 224.5 
September 68.09 34.29 21.85 2.64 SW 86.56 
October 54.18 36.61 22.7 2.18 SW 28.7 
November 34 37.7 22.05 2.82 NE 0.22 






The treatments were coded as follows 
a:    Broadcasting forage and trees seeds just before autumn. 
b: Broadcasting forage and trees seeds after disc ploughing in       
autumn. 
c:   Forage and trees seed sowing with water harvesting in autumn. 











C d b a 
D a c b 
B d a c 
D a c b 
B c a d 
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Appendix 3 
Productivity under different sowing treatments 
Season one Season two 
Treatment Early Late Early Late 
Direct broadcasting 0.7 1.6 0.67 1.64 
Disc ploughing 0.75 1.9 0.75 1.82 
Water harvesting 0.74 1.76 0.71 1.69 
Control 0.62 1.4 0.61 1.24 
 
 
Vegetation covers under different sowing treatments 
Season one Season two 
Treatment Early Late Early Late 
Direct broadcasting 82 80.6 84.4 84.4 
Disc ploughing 93.8 93.2 94.6 92.4 
Water harvesting 85.4 84.6 87.8 87.7 
Control 71 69.8 71 77 
 
 
Species composition as affected under different sowing 
treatments 




% Talih% Adana % 
Broadcasting seeds 7.52 7.95 0.6 0.42 7.1 6.61
 Disc ploughing  7.82 8.61 0 0.05 7.36 7.51
Water harvesting  7.71 7.9 0.99 0.82 7.14 6.72
Control 2.47 1.68 0 0.7 1.38 2.55
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Species composition for invader species under different sowing 
treatments 
Treatment Adar % 
Danab 
kadees %  Ramtook% Draia% Gaw % Nal%  Boos % 
Broadcasting seeds 27.23 5.14 5.93 5.58 4.7 4.85 4.22
 Disc ploughing  27.9 5.48 4.35 5.53 4.75 4 4.44
Water harvesting  27.7 5.87 3.51 5.61 4.58 2.85 2.97




Plant density under different sowing treatments 
Season one Season two 
Treatment Early Late Early Late 
Direct broadcasting 18.5 18.6 18.6 18.7 
Disc ploughing 20.4 21.1 20.6 20.1 
Water harvesting 19.7 19.9 19.6 18.9 













1. Village name: ………………………………………………………… 
2. Age: a/ less than 15    b/ 16-30          c/ 31 to 45      d/ a more than 45  
3.Sex: a/male          b/female 
4. Educational level:     a /illiteracy      b/ khalwa   c/ basic school      
d/ secondary school   c/ college    e/ other  
5. Source of income: a/ agriculture           b/ grazing        c/ other  
6. What is your evaluation to the range condition? a/ excellent   b/ good c/ 
deteriorated  
7. If it was deteriorating what are the reasons: a/ climate change  
b/ increase in number of animals' c/ firing     d/ reduction of palatable 
species    e/ human activities (agriculture and housing)  
8. Explain how climatic changes affected on range?  
a/ reduction in amount of annual rainfall     b/ drought cycles         
c/increasing in temperature     d/ other  
9. If the numbers of animals are increasing explain why?  
a/ vaccination activities      b/ availability of water sources    c/ intensify 
extension    d/ veterinary services     e/ other  
10. Did the range satisfactory  for animals needs? a/ Yes  b/ No  
11. If the answer is not explain why? a/ No palatable grasses and herbs  b/ 
over grazing capacity  c/ No path ways d/ other  
12. What are the activities that affected the state of rangeland and tree 
cover? a / shifting cultivation b/ over-cutting c/ expansion of population  d/ 
other  
13. If there is the over-cutting, what is the use of product? a/ build houses   
b/ fire wood            c/ charcoal         d/ marketing   
14. Did fires are observed in the study area?    a/ continuously      
b/ intervally           c/ not observed   
15. What is the most preferred grass for the animals? a/ tabar    b/ hantot c/ 
adanh     d/ malokhiat alkhala      e/ rabah    f/ suffair  g/ siha  
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h/ other   
16. What are the grass and weeds, which disappeared from the rangeland? 
a/ siha     b/ defra    c/ suffair    d/ omsilika     e/ haskaneet 
 f/ abugenagra           g/ derasa          h/ other   
17. What is the grass that invaded the rangeland?   a/ adar     b/  danab 
kadees    c/ ramtook   d/ deraia     e/ boos    f/ nal    g/ gaw    h/ other   
18. What is the degree of dependence on trees as fodder?     a/ high     
b/ medium       c/ not used  
19. What are the types of trees on which it relies to provide fodder?  
a/ kitir     b/talh    c/ hashab   d/ hegleag   f/ sidr   e/ laoat  
20. What is the season in which they depend on trees as fodder?  
a/ autumn    b/ winter      c/ summer  
21. Are there routes in study area?     a/ Yes         b/ No  
22. If the answer is yes, how is it determined how much the width of the 
pathway?  
a/ less than 50 meters      b/ 51-100 m     c/ 101-150m    d/ more than 150 
23. Is there efforts in the opening the fire lines?  a/Yes     b/ No  
24. Are there is water bodies?     a/ Yes        b/ No  
25. If the answer is yes. Is there a regular maintenance of the water bodies?         
a/Yes           b/ No  
26. What is the grazing system which is followed in the study area?  
a/ open grazing     b/  deferred grazing (shifting)  
27. Is this system suitable for grazing in the study area?   a/Yes     b/ No  
28. What is the best suggested system for grazing? a/ open grazing  
b/  deferred grazing (shifting)  
29. What is the status of natural regeneration in study area? a/excellent  
b/  good          c/ poor 
30. are there any artificial regeneration in the area of study ?  
a/Yes                       b/ No  
31. If the answer is yes, explain how introduced?        
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a/ seed broadcasting                             b/ planting seedlings  
32. If there is seeds broadcasting explain how it is carried out?  
a/ direct seeding     b/ seeding with disk           c/ plane seeding   
33. What is active institutions in rangeland and forest in the area?  
a/ Ministry of Agriculture          b/ voluntary associations  
c/ voluntary organizations          d/  rangeland and pasture administration e/ 
grazer Union           f/ FNC            g/ other  
34. Are there any conflict in using rangeland? a/  Yes        b/ No  
35. Does grazing within the forest would be through fees? a/ Yes    b/ No  
36. If the answer is yes, who's collected?  
a/ FNC     b/ rangeland and pasture administration         c/ The Ministry of 
Agriculture.  
37. Are there any extension messages provided to the grazers? 
 a/  Yes                         b/ No  
38. If the answer is yes, who presented these messages?  
a/ FNC                     b/ rangeland and pasture administration         
 c/ veterinary office d/ other.    
39. What are the contents of the extension message?  
a/ environmental conservation         b/ stopping fire        c/ commitment by 
grazing pathways           d/ vaccination importance    
40. What are the suggestions for the development of rangeland?  
 a/ improving seeds broadcasting            b/ using water harvesting 
techniques          c/ expansion in trees planting activities         d/ route 
delineation            e/ opening of fire lines 
 
